Objectives
We aimed to add to the knowledge of autism in South Africa by describing the demographics, history, clinical features, co-morbidity and diagnostic yield of investigations in a group of children diagnosed with a PDD at a tertiary developmental paediatric clinic.
Methods
The Tygerberg Children's Hospital (TCH) developmental clinic provides a tertiary consultative service to mainly preschool children living in the Western Cape, South Africa. Children are referred from primary and secondary public health facilities, but a small proportion of referrals originate from private healthcare practitioners, speech or occupational therapists and teachers. The majority of patients accessing public health services are of low socio-economic status.
This descriptive study involved a retrospective review of medical records over 2 years (1 April 2008 -31 March 2010 . All children attending the TCH developmental assessment clinic who fulfilled Diagnostic and Statistical Manual of Mental Disorders, 4th edition, text revision (DSM-IV-TR) criteria for PDD were included. [7] Children presenting with severe cognitive disability, limited communication or social interaction deficits without meeting the full criteria for PDD were excluded, as were those with inconclusive or incomplete information.
All children identified from the medical record review were seen by a single developmental paediatrician (PES) who interviewed primary caregivers about the child's medical and behavioural history, undertook a clinical examination and developmental assessments, and observed the child's play and behaviour. The paediatrician assessed each child even if the diagnosis of PDD had been made by another clinician at an earlier visit.
All the children underwent hearing and speech assessment. Where possible, additional input was obtained from the occupational therapist, preschool teacher and other professionals working with the child. The Childhood Autism Rating Scale (CARS) was utilised in cases of diagnostic uncertainty. [8] Diagnostic instruments such as the Autism Diagnostic Observation Schedule (ADOS) were not available at the time of the study owing to resource limitations.
Children were classified as 'verbal' (using 10 or more meaningful, non-echoed words) or 'non-verbal' (using fewer than 10 words) according to information obtained from their caregivers.
We used the Molteno Adapted Scale, [9] a developmental screening tool used in the Western and Eastern Cape that allows estimation of age equivalents in each of four developmental domains, i.e. gross motor, fine motor, language and personal/social. The age equivalents were used to estimate both subquotients and a general developmental quotient (DQ). Children who had delays in two or more developmental domains were categorised as having global developmental delay. This was further classified as mild if the DQ was in the range 51 -70, moderate if the DQ was 31 -50, and severe if the DQ was ≤30. Psychometric assessments on children older than 6 years were included if available.
Microcephaly was defined as a measured head circumference below the 2nd percentile and macrocephaly as a circumference above the 98th percentile. [10] Children with evidence of abnormal early embryonic development, including dysmorphism and/or microcephaly, were categorised as having 'complex autism' and the remainder as having 'essential autism' , as previously described by Miles et al. [11] Information captured on a data sheet included demographics, history including commonly described risk factors, [3, [12] [13] [14] [15] [16] [17] [18] clinical characteristics, co-morbidity and special investigations.
Statistical analysis
Summary statistics were reported as frequencies and percentages. A χ 2 square test was conducted to establish different verbal ability among ethnic groups.
Ethical approval
The study was approved by the Health Research Ethics Committee of Stellenbosch University (ethics approval number N10/10/336).
Results
From the 1 010 clinic files reviewed from the study period, 75 children were described as having autistic features listed in the DSM-IV-TR, but only 58 met the full DSM-IV-TR criteria for PDD. Of the children excluded, 9 had severe cognitive disability and social interaction deficits but did not meet all the criteria for PDD, and in 8 cases there was dispute or insufficient documentation to make the diagnosis. On further analysis, 55 of the 58 children could be sub-classified as having autistic disorder (Table 1) , and there was 1 case each of Asperger syndrome, PDD-NOS and Rett syndrome. Of the 1 010 files reviewed, 58 (5.7%) therefore met the criteria for a PDD (ASD). Table 2 illustrates the demographics of the study participants and information received from the caregivers. The median age at PDD (ASD) diagnosis was 42 months, and the majority were boys (77.6%). Just over half were of mixed South African ancestry. Of those with documented parental ages, 17.2% had mothers who were 35 years or older at the time of the child's birth. An education level of senior school certificate (matric) or higher was documented in 46.6% of mothers and 44.8% of fathers. Table 3 documents the participants' histories, commonly described risk factors, additional health problems and problematic behaviours; there was a history of emotional or social stress during pregnancy and/or birth in 17.2%, and a history of prenatal toxin exposure in 8.6% (1 mother admitted to using alcohol and methamphetamines).
Eight per cent of children had a sibling with a diagnosis of ASD, and there was a family history of psychiatric illness in 24.1% and of learning disabilities in 24.1%. Eighty-nine per cent of the children were reported to have at least one of the behavioural problems listed in Table 3 . The majority of the children were non-verbal (72.4%), a significantly higher proportion of black African children (93.7%) being non-verbal at presentation compared with children of mixed ancestry (76.7%) and white children (41.7%) (p=0.005). Table 4 shows the subjects' physical features, co-morbidities and the diagnostic yield of special investigations. Thirty-eight per cent had normal findings on examination, 34.5% had dysmorphic features, 6.9% were microcephalic and 12.1% were macrocephalic. Complex autism (microcephaly and/or dysmorphism) generally associated with abnormal morphogenesis was therefore present in about 40%. The most common co-morbidity was global developmental delay, Table 1 . DSM-IV-TR diagnostic criteria for 299.0 Autistic Disorder [7] A. A total of six (or more) items from (1), (2), and (3), with at least two from (1), and one each from (2) and (3): 1. Qualitative impairment in social interaction, as manifested by at least two of the following: (a) marked impairment in the use of multiple non-verbal behaviours such as eye-to-eye gaze, facial expression, body postures, and gestures to regulate social interaction (b) failure to develop peer relationships appropriate to developmental level (c) a lack of spontaneous seeking to share enjoyment, interests, or achievements with other people (e.g. by a lack of showing, bringing or pointing out objects of interest) (d) lack of social or emotional reciprocity 2. Qualitative impairments in communication as manifested by at least one of the following: (a) delay in, or total lack of, the development of spoken language (not accompanied by an attempt to compensate through alternative modes of communication such as gesture or mime) (b) in individuals with adequate speech, marked impairment in the ability to initiate or sustain a conversation with others (c) stereotyped and repetitive use of language or idiosyncratic language (d) lack of varied, spontaneous make-believe play or social imitative play appropriate to developmental level 3. Restricted repetitive and stereotyped patterns of behaviour, interests, and activities, as manifested by at least one of the following: (a) encompassing preoccupation with one or more stereotyped and restricted patterns of interest that is abnormal either in intensity or focus (b) apparently inflexible adherence to specific, non-functional routines or rituals (c) stereotyped and repetitive motor mannerisms (e.g. hand or finger flapping or twisting, or complex whole-body movements) (d) persistent preoccupation with parts of objects.
B. Delays or abnormal functioning in at least one of the following areas, with onset prior to age 3 years: 
Discussion
The male predominance (77.6%) was similar to that reported in a South African study in KwaZulu-Natal. [19] The ethnic groups represented the demographic profile of the hospital drainage area. The black African group had the highest proportion of non-verbal children. Health professionals readily refer non-verbal children to rule out hearing impairment, but it is possible that verbal children presenting with milder degrees of autism were overlooked or not referred. There is a lack of evidence in the literature to support a genetic causation of observed ethnic differences in autism prevalence. Zaroff and Uhm [20] concluded that racial variations were probably due to methodological and socio-economic variables rather than being true ethnic differences. It is possible that variations in help-seeking behaviour or even accessibility of the TCH developmental clinic may have contributed to our findings. Median age at diagnosis of ASD in our cohort was similar to that of children attending a tertiary developmental clinic in Singapore. This study linked younger age at diagnosis with severity of autism. [21] Moderately severe and severe autism was deemed to be present in 86% of children with a mental development index on the Bayley Scales of Infant Development of <50 or whose compliance with cognitive assessment was poor as a result of autistic features. In our study 74.1% of children had a DQ of <50, which would place them in this category.
The level of parental education in the study group was relatively high, with 60.3% of mothers having attained a minimum of grade 10 compared with 44.8% in another cohort of children attending the hospital. [22] Education may have resulted in an increased awareness of developmental delay, different help-seeking strategies, and ultimately improved ability to gain early access to the clinic.
Studies on autism and parental age have yielded conflicting results on whether mothers, fathers or both contribute to increased risk. Recent studies found that a woman's risk of giving birth to a child who develops autism increases throughout her reproductive years. However, while paternal age confers an increased risk of autism when mothers are 30 years old or younger, it has little effect when mothers are past age 30. [12] There was only 1 participant with a father older than 40 years and a mother younger than 30 years; however, paternal age was undocumented in 15.5% of the fathers in our study. A history of consanguinity was obtained in only 1 family, which contrasts with the high rate of consanguinity (39.3%) described in a Tunisian ASD study. [23] The prevalence of low birth weight in the study participants was not significantly different from that in the Western Cape population (17%). [24] A number of studies have investigated the association between pre-, peri-and neonatal factors and autism. [13] They report a consistent association between unfavourable events in pregnancy, delivery and the neonatal period and occurrence of PDD. However, Bailey et al. found that 'obstetric hazards appear to be consequences of genetically influenced abnormal development, rather than independent aetiological factors' . [14] Although autism has been associated with preterm birth, it is thought to result from the prenatal and neonatal complications thereof. [15] Viral infection during early brain development has been proposed as a cause of autism. The best association to date has been made between congenital rubella and autism, but there were no proven cases in our cohort. [16] One study in the literature reported a high prevalence (1 in 95) of autistic behaviour in a sample of 286 children with congenital HIV infection. [17] Surprisingly, considering the high prevalence of HIV infection in the Western Cape, none of the study children was HIV-infected and only 1 child was HIV-exposed but uninfected.
In utero exposures to toxins such as alcohol have recognised association with autism. [18] Alcohol and methamphetamine abuse is problematic in the Western Cape, and 5 mothers in the study (8.6%) admitted to abuse of either alcohol and/or methamphetamine during pregnancy. However, in utero toxin exposure is often underreported. [25] Up to 40% of children with ASD experience developmental regression, most often involving loss of speech and/or social responsiveness. [26] The prevalence of developmental regression in our study was 17.2% (n=10), but this may have been an underestimation, as only language regression was documented.
Caregivers reported at least one problematic behaviour in 89.0% of study participants. Stereotypical movements were the most frequent complaint (62.1%), with findings similar to those of Mubaiwa et al., [19] followed by hyperactivity (43.1%) and sleep disturbance (32.8%). The latter figure was lower than the prevalence of sleep disturbance quoted in the literature (40 -86%). [27] Studies on macrocephaly in children with ASD have yielded conflicting results. While earlier studies report a prevalence of macrocephaly as high as 40%, [28] recent studies reported no significant differences in a community-based sample. [29] Our study found a higher rate of macrocephaly (12.1%) compared with the general population (<3%). Microcephaly is present in 5 -15% of children with autism, and is highly predictive of poor outcome. [28] About 7% of our study children were microcephalic, and one of these children was diagnosed with Rett syndrome. All except 1 were non-verbal, suggesting severe cognitive delay.
Complex autism refers to the presence of dysmorphic features and/ or microcephaly that indicate some alteration of early morphogenesis. It is found in approximately 20 -30% of autistic children and is associated with a poor prognosis. [11] Forty per cent of the children in the study group fulfilled criteria for complex autism. This is higher than figures quoted in the literature, but may reflect the referral pattern of the clinic, which included younger children with more severe language delay. Cognitive ability in children with ASD is difficult to evaluate, especially before intervention, so initial assessment may have been unreliable and not reflected intellectual potential. Formal psychometric testing or use of standardised developmental assessment tools was not possible in the busy clinical setting. However, all but 3 of the children had varying degrees of global developmental delay or intellectual disability and required referral for special school placement. Together with the fact that 72.4% were non-verbal, this suggests a higher proportion of children with intellectual disability than the 50% quoted in the literature, but again probably reflects referral bias. [30] The prevalence of epilepsy (10.3%) corresponds with the literature (5 -40%). [31] Clinically recognisable syndromes in the study included Rett syndrome, fetal alcohol syndrome and fragile X disorder. In South Africa chromosomal analysis, testing for fragile X and Angelman syndrome and MECP2 investigations are available at most tertiary centres. Cytogenetic and fragile X testing were performed in 29.3%, which is lower than international practice recommendations. [32] The diagnostic yield of all investigations was even lower than reported in the literature. [33] Limitations of the study include: (i) use of a clinic-based population; (ii) lack of a standardised and validated autism diagnostic tool to confirm ASD/PDD, which may have resulted in exclusion of children with milder forms of autism; (iii) the small number of participants in each ethnic group, making comparisons difficult; (iv) the degree and nature of behavioural problems such as hyperactivity, sleeping and eating disturbance were not always documented; and (v) long-term outcomes to assess the stability of ASD diagnosis are not yet available.
Conclusions
Children attending a tertiary hospital developmental clinic who fulfilled DSM-IV-TR criteria for PDD were a clinically heterogeneous group displaying severe language impairment, problematic behaviour, co-morbidity and complex autism. Most children had problems requiring ongoing medical, social and educational support services.
With regard to special investigations, it may be helpful to focus on children with complex autism (dysmorphism and/or microcephaly).
Increasing public awareness regarding early warning signs of autism will improve early identification of children with ASD. It is anticipated that the recently published DSM-V diagnostic criteria for ASD will increase objectivity and reliability in making the diagnosis. [34] 
